Background and Objectives: Autoimmune thyroiditis (AIT) is a form of thyroiditis associated with autoimmune antibodies. Few studies have measured thyroid volume in Asians. This study was undertaken to determine the distribution of thyroid volume and to explore possible correlations between thyroid volume and other factors in a Korean cohort. Materials and Methods: Two hundred eleven patients who underwent 99m Tc-pertechnetate thyroid scintigraphy between 2009 and 2011 were recruited and their thyroid volume was measured. AIT was defined as having thyroperoxidase antibody (TPOAb) and/or thyroglobulin antibody (TgAb) positivity and TRAb negativity, regardless of thyroid function. Results: The mean thyroid volume was 32.1 mL in AIT patients. The distribution of thyroid volume was normal after log transformation. Thyroid volume was larger in patients with both autoantibodies than in patients with only one antibody (p＜0.001). The first quartile of patients grouped according to thyroid volume were older (52.1 years, p=0.037) than the patients in other quartile groups. Thyroid volume correlated independently with TPOAb titer, and TgAb titer adjusted for other factors in a multivariate analysis. Conclusion: Thyroid volume in Korean AIT patients had an unimodal distribution and correlated with autoantibody titer.
Introduction
Autoimmune thyroiditis (AIT) is a form of thyroiditis associated with autoimmune antibodies such as antithyroperoxidase antibody (TPOAb), and antithyroglobulin antibody (TgAb). Hyperthyroidism, hypothyroidism, subclinical hypothyroidism, and euthyroid status can be detected in AIT. The clinical diagnosis of AIT is reached by measuring thyroid hormone, thyroid-stimulating hormone (TSH), and autoantibody levels. AIT includes Hashimoto's thyroiditis, primary myxedema, painless thyroiditis, and others, but in most cases, AIT is understood as Hashimoto's thyroiditis because it is the most common form. Conventionally, AIT is known to have two forms: atrophic and hypertrophic thyroiditis. Atrophic AIT is called Ord's disease, and hypertrophic AIT is called Hashimoto's thyroiditis. 1) Although AIT is a well-studied disease entity, some controversy remains regarding the distribution of thy-
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Vol. 9 , No. 2, 2016 138 roid volumes; some researchers have reported a two-peak distribution as a evidence for different disease entity, whereas others have found only one peak. 2, 3) Atrophic AIT is usually detected in older patients with AIT, whereas hypertrophic AIT is usually detected in younger patients. This suggests that atrophic AIT represents an end stage of a broad spectrum of hypertrophic AIT. One study, however, has suggested that atrophic AIT is not the same disease as hypertrophic AIT through follow-up thyroid biopsy data showed no change over a long time. 2) Considering these previous studies, we didn't have clear evidence to determine whether the two forms of AIT are the same disease located at two ends of a large spectrum or are different diseases.
Some studies measuring thyroid volume in AIT using ultrasonography [4] [5] [6] [7] have shown that thyroid volume in Hashimoto's thyroiditis is increased, normal, or decreased, and that thyroid volume in Ord's disease is normal or decreased. Several studies have been conducted in the West to measure thyroid volume in AIT appearing in children to adults. 8, 9) However, few studies have measured thyroid volume in Asians. 10) Although one study has described thyroid length as determined by ultrasonography in Koreans, 11) no evidence has been presented on thyroid volume distribution in Korean with AIT. Thyroid hormone treatment affects thyroid volume in people with AIT. 12, 13) Therefore, we aimed to determine the distribution of thyroid volume in treatment-naive patients with AIT and to explore the relationships between clinical parameters and thyroid volume measured by 99m Tcpertechnetate scintigraphy.
Materials and Methods

Subjects
This was cross-sectional study, and the population were measured for each thyroid lobe. The craniocaudal and medial-lateral axes were measured on anterior images, and the posterior-anterior axes were measured on bilateral oblique images. Thyroid volumes was calculated as previously described 14) by a nuclear radiologist using the following equation:
Thyroid volume (mL)=anterior-posterior diameter
Blood Analyses
Thyroid testing included measurement of the levels of T3, freeT4, TSH (RIA, SPAC-S TSH kit; Daiichi, 
Results
Subject Characteristics
We selected 211 patients with drug-naive AIT who satisfied all inclusion criteria. Their mean age was 46.7 years (range, 16-88 years) and 84.1% were women ( lobe volumes did not differ significantly. The thyroid volume distribution was skewed to the right (data not shown); therefore, we log transformed the thyroid volume data to obtain a normal distribution (Fig. 1A) . A Q-Q plot of the log-transformed thyroid volume in the patients was normally distributed (Fig. 1B) 
Number and Titers of Thyroid Antibodies Related to Thyroid Volume
Patients enrolled in this study were positive for TPOAb and/or TgAb. Of the 211 patients with AIT.
70.6% (n=149) were positive for TPO Ab and 72.9%
(n=154) for TgAb ( Fig. 2A) . We classified the patients with antibodies into three groups: those positive for TPOAb only, TgAb only, or both. We used ANOVA to compare thyroid volume between these three groups.
The mean thyroid volume was significantly smaller in patients positive for only TPOAb or TgAb compared with patients positive for both antibodies ( Fig. 2A) . We also used correlation analysis to examine the association between thyroid antibody titer and thyroid volume (Fig. 2B, C) . Both TPOAb and TgAb titers correlated significantly with thyroid volume: r=0.644, p＜0.001
( Fig. 2B ) and r=0.297, p＜0.01, respectively (Fig. 2C ).
Patients with both thyroid autoantibodies had higher TSH levels than those with only one of the antibodies (data not shown, p=0.032). TSH level also correlated with thyroid volume: r=0.215, p=0.021 (Fig. 2D ).
Factors Associated with Thyroid Volume
We stratified the patients into quartiles based on their thyroid volume. The characteristics of the four quartiles are presented in Table 2 . 
Discussion
In this Korean study, the mean thyroid volume in treatment-naive AIT patients was 32 mL as de- The mean thyroid volume in our AIT patients measured using 99m Tc-pertechnetate thyroid scintigraphy was 32 mL. The normal thyroid volume in Koreans is 15.3 mL for men and 11.3 mL for women when determined by MRI, 15) which is similar to that reported in the West. 6, 16, 17) Therefore, the thyroid volume was larger in these AIT patients than in the normal 7, 8, 18) which includes the range found in our study.
Therefore, we suggest that the thyroid volumes of Korean AIT patients are similar to those of Western and Asian AIT patients. However, we note that different methods were used to measure thyroid volume in these studies. Most previous studies used ultrasonography to measure thyroid volume. Therefore, we cannot directly compare the results of our study with those of previous studies. However, no differences were found in the measurement of thyroid volume in diffuse goiter using scintigraphy compared with ultrasonography. 19, 20) Therefore, we believe that our results are valid despite the use of a different method to measure thyroid volume in AIT patients.
AIT has been suggested to comprise two clinical subtypes, although this remains controversial among clinicians because of the overlapping of clinical manifestations and pathogenesis. [1] [2] [3] 21) In the present study, we found that after log transformation, the distribution We found that autoantibody titer correlated strongly with thyroid volume and that TSH concentration tended to be related to thyroid volume. These findings concur with that of the other study, which was conducted on 4168 patients with subclinical hypothyroidism. 22) In that study, TPOAb and TgAb concentrations were found to increase the risk of a large thyroid volume by 9.5 times. This phenomenon was also seen in a study of children and in a follow-up study of these children. 23, 24) These findings indicate that thyroid autoantibody levels are related to thyroid volume. 25, 26) The patients enrolled in the present study had a variety of thyroid statuses-euthyroid, subclinical hypothyroidism, and overt hypothyroidism. We found relationship between a larger thyroid volume and the number of autoantibodies such as TPOAb and TgAb.
We also found that autoantibody titers were related to thyroid volume, which has been reported in other studies of AIT. 3, 22, 27, 28) Therefore, we conclude that the factors most related to thyroid volume in AIT is autoantibody concentration.
This study had some limitations. First, thyroid volume was measured using 99m Tc-pertechnetate thyroid scintigraphy; therefore, the values cannot be compared directly with those obtained using other modalities. Second, we selected patients who had undergone 99m Tc-pertechnetate thyroid scintigraphy to identify those with suspicious or definite goiter.
However, we found that thyroid volume showed a normal distribution in this study, which may reflect minimized selection bias. Finally, the assays to measure autoantibody titers were not repeated to minimize the risk of false positives. However, the prevalence of TPOAb and TgAb in AIT patients did not differ from the range in the Korean population, which is known to be lower than that of Western populations. 29) In conclusion, a larger thyroid volume measured by thyroid scintigraphy was related to elevated autoantibody titers in Korean patients with AIT. Thyroid volume showed a unimodal distribution, which suggests that AIT might be a single disease entity.
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